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ABSTRACT 



The ultrastructure of endocrine cells of the midgut of two species of stingless bees is described. These 
cells are basally and solitarily positioned, besides being very similar to those found in other insect orders. In 
Trigona spinipes (Fabricius, 1793) they are cone-shaped while in T. hypogea Silvestri, 1902, they are club- 
shaped. Their cytoplasm presents secretory granules and mitochondria concentrated in the basal portion of the 
cell, in accordance with their endocrine nature. The secretory granules may be completely filled with an electron- 
dense content or have a clear space between the membrane and the dense core. Lamellar bodies are present in 
the apical cellular portion. 
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INTRODUCTION 

Typically, the bee midgut epithelium has been reported as being formed by two 
cell types: digestive or columnar cells involved in the digestive process and generative 
cells scattered in nests along the midgut in the basal portion of the entire digestive 
epithelium (CRUZ-LANDIM, 1985; SERRAO & CRUZ-LANDIM, 1995a), However a 
third cell type was superficially described in the midgut of Apis mellifera (L.) (JIMENEZ 
& GILLIAM, 1990). These cells were located basally and solitarily among columnar 
cells and distinguished by the basal packing of secretory granules. The same general 
structure is characteristic of the midgut endocrine cells of ten orders of insects (PRIESTER, 
1971; REINHARDT, 1976; HECKER, 1977; GASSIER & FAIN-MAUREL, 1977; 
ENDO & NISHIITSUTSUJI-UWO, 1981; NISHIITSUTSUJI-UWO & ENDO, 1981; 
BROWN et al., 1985). As vertebrate-like peptide hormones have been detected in the 
insect midgut, their secretion could be tentatively attributed to these endocrine cells 
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(TAGER & KRAMER, 1980; IWANAGA et al., 1981; ENDO et al., 1983; BOUNIAS 
& DUBOIS, 1982; BROWN et al., 1986). 

This paper presents the ultrastructure of midgut endocrine cells in two species of 
neotropical stingless bees with different feeding habits. 

MATERIAL AND METHODS 

The species analyzed were Trigona spinipes (Fabricius, 1793) which eat pollen, and the obligate 
necrophage species Trigona hypogea Silvestri, 1902. 

Digestive tracts from adult workers were removed into buffered saline solution for insects, and their 
midgut isolated. The pieces were fixed in 2.5% glutaraldehyde in O.IM Na cacodylate buffer at pH 7.2, washed 
twice in the buffer, post- fixed in 1 % osmium tetroxide in the same buffer, dehydrated in a series of increasing 
concentrations of ethyl alcohol, and embedded in Epon-Araldite resin, following usual procedures. 

Ultra-thin sections were obtained with glass knives, stained with uranyl acetate and lead citrate. 

RESULTS 

The endocrine cells were located basally among digestive cells and never reached 
to the midgut lumen, being more frequent in the middle and posterior midgut regions 
(figs. 1, 3). These cells can be distinguished from digestive cells by the absence of basal 
plasmic membrane infoldings and by the presence of electron-dense granules displayed 
toward the basal region, near the basal lamina (figs. 1, 3). 

The shape of endocrine cells was different in the studied species. They were cone- 
shaped in T. spinipes (fig. 1) and club-shaped in T. hypogea (fig. 3). The spherical nucleus 
with dispersed chromatin was localized in the middle-cell portion (fig. 1). Within the 
cytoplasm, a rough endoplasmic reticulum surrounded the nucleus and elongated 
mitochondria were concentrated in the basal cell region (figs. 2, 3). The granules' electron- 
dense content may either fill them completely or leave a clear halo between the membrane 
and the dense core (fig. 2). In the apical portion, large membrane-bounded structures 
filled with convoluted membranous material were present (figs. 3, 4). 

DISCUSSION 

The endocrine nature of the cells under study is being proposed only on a 
morphological basis. The main argument for this proposal was the isolation showed by 
these cells from the midgut lumen and the basal disposition of the secretory granules, 
wich suggest their discharge to the haemolymph. 

Variations in the shape of endocrine cells were observed between T. spinipes and 
T. hypogea. These cells were also different, in their shape, from those reported in Apis 
mellifera (JIMENEZ & GILLIAM, 1990). Similar results were obtained by GASSIER 
& FAIN-MAUREL (1977) in a comparative study of fourteen insect species. In bees, 
each species seems to have only one type of endocrine cell. In contrast, NISHIITSUTSUJI- 
UWO & ENDO (1981) reported four different cellular types in Periplaneta. GASSIER 
& FAIN-MAUREL (1977) observed two types in Japyx, four types in Nauphoeta and 
five types in Gryllus bimaculatus. These authors classified endocrine cells according to 
cytoplasm density, granule type and size, but these differences might be attributed to 
different states of activity of just one cell type. The large membrane-bounded structures 
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Figs. 1 -2. Midgut endocrine cells of Trigona spinipes (Fabricius, 1 793): 1 , cone-shaped endocrine cell showing 
the nucleus (N), mitochondria (M) and secretory granules (S). Note the absence of basal plasma membrane 
infoldings (arrow) in comparison to digestive cell (DC). T. trachea. 2, detailed view of the basal portion of 
endocrine cell showing completely filled secretory granules (arrows) and granules with a clear space between 
membrane and matrix (arrowheads), bl, basal lamina; M, mitochondria. Bars: 1 |Lim. 
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Mgs. 3 - 4. Midgut endocrine cells of Trigo/ia hypugea Silvestri, 1902: 3, elongated endocrine cell showing 
basal mitochondria (M), nucleus (N), nucleolus (NU), secretory granules (S) and vesicle containing membrane- 
like structures (MV). 4, detailed view of vesicle (MV) containing membrane-like structures (arrows). DC, 
digestive cell. Bars: 1 |Lim. 
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filled with membrane-like material are very similar to the lamellar bodies present in the 
midgut endocrine cells of Aedes aegypti (BROWN et aL, 1985) and in the neurosecretory 
cells of the land s>ndi\\,Lymnaea stagnalis (ROUBOS, 1984). These authors have pointed 
out lamellar bodies involved in the turnover of cell membranes that are utilized during 
exocytosis. 

Biochemical, cytochemical and ultrastructural data have showed that endocrine 
cells present in the insect midgut release hormones similar to those detected from the 
gastric-intestinal tract of vertebrates (ENDO & NISHIITSUTSUJI-UWO, 1982; 
BOUNIAS & DUBOIS, 1982; RAABE, 1983; ANDRIES & TRAMU, 1984; BROWN 
et al., 1986). These hormones may have effects upon the regenerative cell differentiation 
and enzymes production by digestive cells, as well as, upon the activity of other organs 
such as the fat body and the central nervous system (BILLINGSLEY & DOWNE, 
1989;BROWN et al., 1985). The similar ultrastructural organization of endocrine cells 
in the midgut of stingless bees and of other insects may indicate that these cells play a 
similar function in bees. 

The bee workers have a diet that changes throughout their life time. As a general 
rule, young bees are considered to be nurse bees and have elevated pollen consumption 
whereas older bees are foragers and have high nectar consumption (SERRAO & CRUZ- 
LANDIM, 1995b). It is possible that midgut endocrine cells release factors that control 
enzymes production in these different phases. 

Acknowledgments. To Dr. Ronaldo Zucchi, FFCLRP - USP for making the specimens of T. hypogea 
available and to CNPq (300818/95-5) for financial assistance. 

REFERENCES 

ANDRIES, J. C. & TRAMU, G. 1984. Detection immunohistochimique de substances apparentees a des 
hormones peptidiques de mammiferes dans le mesenteron d'Aeshna cyanea (Insecte, Odonate). C. r. 
Acad. Sci., Paris, 299 (6): 181-1 84. 

BILLINGSLEY, P. F. & DOWNE, E. R. 1989. The effects of artificial diets on the anterior intestinal cell 
ultrastructure of Rhodnius prolixus (Hemiptera: Reduviidae). Int. J. ParasitoL, Oxford, 19(3):291-299. 
BOUNIAS, M. & DUBOIS, M. P. 1982. Inhibition par la somatostatine de Taction hypoglycemiante de 
Tinsuline chez Tabeille in vivo et localisation cytochimique d'un antigene apparente a la somatostatine dans 
Tepithelium digestif ainsi que les tubes de Malpighi de Tabeille. C. r. Acad. Sci., Paris, 294(3): 1029-1 034. 
BROWN, M. R.; RAIKHEL, A. S. & LEA, A. O. 1985. Ultrastructure of midgut endocrine cells in the adult 
mosquito, Aedes aegypti. Tissue & Cell, Edinburgh, 17(5):709-721. 

BROWN, M. R.; CRIM, S. W. & LEA, A. O. 1986. FMRFamide and pancreatic polypeptide-like 
immunoreactivity of endocrine cells in the midgut of a mosquito. Tissue & Cell, Edinburgh, 18(3):419- 
428. 

CASSIER, P. & FAIN-MAUREL, M. A. 1 977. Sur la presence d'un systeme endocrine diffus dans le mesenteron 
de quelques insectes. Archs Zool. exp. gen., Paris, 118(2): 197-209. 

CRUZ-LANDIM, C. 1985. Ultra-estrutura e fungao do tubo digestivo dos insetos. In: SIMPOSIO ANUAL 
ACIESP, 8-, Sao Paulo. Anais..., ACIESP, p.28-49. 

ENDO, Y. & NISHIITSUTSUJI-UWO, J. 1981. Gut endocrine cells in insects: the ultrastructure of the gut 
endocrine cells of the lepidopterous species. Biomed, Res., Tokyo, 2(3):270-280. 

. 1982. Fine structure of developing endocrine cells and columnar cells in the cockroach midgut. Biomed. 

Res., Tokyo, 3(4):637-644. 

ENDO, Y; SUGIHARA, H.; FUJITA, S. & NISHIITSUTSUH-UWO, J. 1983. Kinetics of columnar and 
endocrine cells in the cockroach midgut. Biomed. Res., Tokyo, 4(l):51-60. 

HECKER, H. 1977. Structure and function of the midgut epithelial cells in Culicidae mosquitoes (Insecta, 
Diptera). Cell Tissue Res., Heidelberg, 184(2):321-343. 



Iheringia, Ser. Zool., Porto Alegre, (81): 151-156, 04 out. 1996 



156 



SERRAO & CRUZ-LANDIM 



IWANAGA, T.; FUJITA, T.; NISHIITSUTSUJI-UWO, J. & ENDO, Y. 1981. Immunohistochemical 
demonstration of PP-, somatostatin-, enteroglucagon- and VIP-like immunoreactivities in the cockroach 
midgut. Biomed. Res., Tokyo, 2(2):202-207. 

JIMENEZ, D. & GILLIAM, M. 1990. Ultrastructure of the ventriculus of the honeybee. Apis mellifera (L.): 
cytochemical localization of acid phosphatase, alkaline phosphatase and nonspecific esterase. Cell Tissue 
Res., Heidelberg, 261 (3):43 1-443. 

NISHIITSUTSUJI-UWO, J. & ENDO, Y. 1981. Gut endocrine cells in insects. The ultrastructure of the 
endocrine cells in the cockroach midgut. Biomed. Res., Tokyo, 2 (l):30-44. 

PRIESTER, W. De 1971. Ultrastructure of the midgut epithelial cells in the fly Calliphora erythrocephala. J. 
Ultrastruct. Res., Orlando, 36(5-6):783-805. 

RAABE, M. 1 983. The neurosecretory-neurohaemal system of insects: anatomical, structural and physiological 
data. Adv. Insect Physiol., New York, 17:205-303. 

REINHARDT, C. A. 1976. Ultrastructural comparison of the midgut epithelia of fleas with different feeding 
behavior pattern (Xenopsylla cheopis, Echidnophaga gallinacea, Tunga penetrans, Siphonaptera, Pulicidae). 
Acta trop., Amsterdam, 33(2): 105-132. 

ROUBOS, E. W. 1 984. Cytobiology of the ovulation-neurohormone producing neuroendocrine caudo-dorsal 
cells of Lymnaea stagnalis, Int. Rev. Cytol., San Diego, 89:295-346. 

SERRAO, J. E. & CRUZ-LANDIM, C. 1995a. Gut structures in adult workers of necrophorous neotropical 
stingless bees (Hymenoptera: Apidae:Meliponinae). Entomol. Gen., Stuttgart, 19(4):261-265. 

. 1995b. Camparative size and histology of the proventriculus and midgut among the female castes and 

males of Saptotrigona postica Latreille, 1804 (Hymenoptera: Apidae:Meliponinae). Biociencias, Porto 
Alegre, 3(2):85-94. 

TAGER, H. S. & KRAMER, K. J. 1980. Insect glucagon-like peptides: evidence for a high-molecular weight 
form in midgut from Munduca sexta (L.). Insect Biochem., Oxford, 10(3):617-619. 



Recebido em 1-.12.1995; aceito em 25.06.1996. 



Iheringia, Ser. Zool., Porto Alegre, (81): 151-156, 04 out. 1996 



